
Bang-bang is the term often used
to describe basic directional-
control valves. It refers to how

the valves shift — from fully open to
fully closed. This usually occurs in an
instant, causing fluid to rapidly acceler-
ate and decelerate. Under certain con-
ditions, this can cause fluid hammer,
which sounds like a hammer striking
the hydraulic system from inside.
Hence, shifting the valve from one po-
sition to another can produce a bang-
bang sound. 

A less informal term to describe
these components is discrete valves.

tions, the valve can achieve. Valve
ports provide a passageway for fluid
(air or hydraulic fluid) to flow to or
from other components. The number
of positions refers to the number of
distinct flow paths a valve can provide.

A 4-port, 3-position spool valve
serves as a convenient illustration,
Figure 2. One port receives pressur-
ized fluid from the pump, and one
routes fluid back to the reservoir (or
to the atmosphere or exhaust muffler
in a pneumatic systems). The other
two ports are generally referred to as
work ports and route fluid to or from
the actuator. In this case, one work
port routes fluid to or from  the rod
end of the cylinder, the other routes
fluid to or from the cap end.
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This term refers to how the valves op-
erate: they shift from one discrete po-
sition to another, such as extend, re-
tract ,  and neutral .  Proport ional
valves, on the other hand, control di-
rection  and speed. In addition to
shifting into discrete positions, they
can shift into intermediate positions
to control actuator direction, speed,
acceleration, and deceleration. 

Even more basic than the discrete di-
rectional-control valve is the digital
valve. As in digital electronics, digital
valves operate either on or off.
Whereas discrete valves generally use a
spool to achieve two, three, or more po-
sitions, discrete valves use a plunger,
poppet, or ball that seals against a seat.
The advantage to this type of operation
is that it provides a positive seal to pre-
vent cross-port leakage. 

Perhaps the simplest of all direc-
tional-control valves is the check
valve, a specific type of digital valve.
Basic check valves allow fluid to
flow in one direction, but prevent
fluid from flowing in the opposite di-
rection. As with all fluid power com-
ponents, directional-control valves
can be represented by standard sym-
bols published in ISO 1219. Figure 1
shows  a cross-section of a spring-
loaded check valve and its ISO 1219
representation.

Ports and positions
The two primary characteristics for

selecting a directional-control valve
are the number of fluid ports and the
number of directional states, or posi-
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Fig. 1. Basic check valve allows fluid to
flow in one direction, in this case from bot-
tom to top. Shown are ISO symbol and
cross sectional photo of spring-loaded
check valve. The spring  keeps fluid from
flowing unless downstream pressure act-
ing on the poppet overcomes spring force. 

Fig. 2. Schematic shows simple circuit to
control cylinder extension and retraction
using a  4-port, 3-position spool valve.

Flow



The valve represented in Figure 2
can be shifted to any of three discrete
positions. As shown, in the neutral
position, all ports are blocked, so no
fluid will flow. Shifting the valve to
the right routes fluid from the pump
to the rod end of the cylinder, causing
its piston rod to retract. As the piston
rod retracts, fluid from the cylinder’s
cap end flows to the reservoir. Shift-
ing the valve to the left routes fluid
from the pump to the cap end of the
cylinder, causing the piston rod to ex-
tend. As this occurs, fluid from the
rod end of the cylinder flows to the
reservoir. Returning the valve spool
to the center position again blocks all
flow. (In reality, a relief valve would
be provided between the pump and
directional valve. It is omitted here
for simplicity.)

Spool-type valves are widely used
because they can be shifted to two,
three, or more positions for routing
fluid between different combinations
of inlet and outlet ports. They are
used extensively for directional con-
trol of actuators because a single
valve can produce extension, retrac-
tion, and neutral. However, these
same functions can be accomplished
with digital valves. Figure 3 shows
four normally closed (NC) digital
valves grouped into a hydraulic inte-

grated circuit to provide the same
functionality as the spool valve repre-
sented in Figure 2. With all valves in
the neutral condition, as shown, fluid
flow to and from the pump, reservoir,
and actuator is blocked. Energizing
valve A routes pressurized fluid to the
cap end of the cylinder, causing the
rod to extend. Simultaneously ener-
gizing valve D routes fluid from the
cylinder’s rod end to the reservoir. In
similar  manner,  energizing only
valves B and C causes the rod to re-
tract and routes fluid from the cylin-
der’s cap end to the reservoir.

The valves in Figure 3 are arranged
to match the closed-center spool condi-
tion of the valve in Figure 2. An open-
center condition, Figure 4, could be
achieved simply by making all the digi-
tal valves normally open (NO) instead
of normally closed. Likewise, tandem-
and float-center configurations can be
accomplished by using NO and NC
digital valves. 

These and other common center-
position configurations can be quite
specialized, depending on the appli-
cation of the valve. Most manufactur-
ers offer a variety of center-position
configurations as standard, off-the
shelf items. Although the vast major-
ity of directional-control valves for
industrial applications are 2- and 3-

position, many valves
used in mobile equip-
ment come in 4-posi-
tion configurations to
accommodate special
needs. 

When specifying the
specific type of valve
needed for an applica-
tion, it has become
common practice in
North America to refer
to the number of ports
on a valve as the way,
such as 2-way, 3-way,
or 4-way. However, in-
ternational standards
use the word ports.
Thus, what is known as
2-way, 2-position direc-
tional valve in the U.S.
is called a 2-port, 2-po-
sition valve internation-
ally and can be abbrevi-

ated 2/2. The number before the slash
identifies the number of ports, and the
second number refers to the number of
positions.

Spool valves
The most common sliding-action

valve is the spool-type valve, Figure
5. Fluid is routed to or from the work
ports as the spool slides between pas-
sages to open and close flow paths,
depending on spool position. Spool
valves readily adapt to many differ-
ent spool-shifting schemes, which
broadens their use over a wide variety
of applications.

Many mobile applications require
metering or throttling to enable the op-
erator to slowly or gently accelerate or
decelerate a load. In these instances,
the spool may be modified with V
notches, for example, so that a small
displacement of the spool gradually
permits increasing or decreasing fluid
flow to gradually speed or slow actua-
tor and load movement. This tech-
nique is also used in valves for indus-
trial equipment. A beveled or notched
edge on the spool is commonly re-
ferred to as a soft-shifting feature

A variation of the single- or multi-
ple-spool valve is the stack valve,
Figure 5, in which a number of spool
and envelope sections are bolted to-
gether between an inlet and outlet
section to provide control of multiple
flow paths. In addition to providing a
central valve location for the machine
operator, the valve grouping reduces
the number of fluid connections in-
volved and increases ease of sealing.
The number of valves that can be
stacked in this manner varies from
one manufacturer to another. 
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Fig. 3. Arranging digital valves into a hydraulic integrated
circuit allows them to accomplish the same functions as
discrete spool-type valves while retaining the advantages
of digital valves. 

Fig. 4. Above are common center-spool ar-
rangements for matching neutral-position
fluid routes to the application. 
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Mounting configurations
Traditional valves are built in a con-

figuration for inline mounting. But
this arrangement is labor intensive, re-
quires assembly of multiple compo-
nents, and is prone to leakage. These
factors add to installation cost and can
have an even greater impact on main-
tenance costs. Therefore, most design-
ers choose subbase or manifold
mounting to avoid these problems.

In the subbase mounting system,
all conducting lines are connected to
the subbase and the valve attaches
onto the base face with matching port
pattern, Figure 6. The static subbase
does not wear out, so it does not have
to be removed.  The valve can be
lifted off the subbase after loosening
a few screws without disturbing the
plumbing. Hydraulic integrated cir-
cuits extend the subbase concept even
further by mounting several valves
onto and into a common manifold,
Figure 7. 

Removing and replacing pneumatic
valves is even easier; many are held
securely in place by a latch that can be
locked or unlocked in seconds. When
centralized control is needed, smart
valve manifolds incorporating con-
nections for fieldbus networks and in-
tegral programmable logic controllers
are available, Figure 8. 

Directional valve operators
Valve operators are the parts that

apply force to shift a valve’s flow-di-
recting elements, such as spools, pop-
pets, and plungers. The sequence,
timing, and frequency of valve shift-
ing is a key factor in fluid power sys-
tem performance. As long as the op-
erator produces enough force to shift
the valve, the system designer can se-
lect any appropriate operator for the
conditions and type of control under
which the system will operate. 

Operators for directional-control
valves are either mechanical, pilot,
electrical and electronic, or a combina-
tion of these. Different types ofactua-
tors can all be installed on the same ba-
sic valve design. A common directional
valve often is used that makes provi-
sion for mounting a variety of different
operators on its body.

With a mechanical operator, a ma-
chine element or person applies force
on the valve’s flow-directing element
to move or shift it to another position.
Manual operators include levers, palm
buttons, push buttons, and pedals.
Purely mechanical operators include
cams, rollers, levers, springs, stems,
and screws. Springs are used in most
directional valves to hold the flow-di-
recting element in a neutral position.
In 2-position valves, for example,

springs hold the non-actuated valve in
one position until an actuating force
great enough to compress the spring
shifts the valve. When the actuating
force is removed, the spring returns
the valve to its original position. In 3-
position valves, two springs hold the
non-actuated valve in its center posi-
tion until an actuating force shifts it.
When the actuating force is removed,
the springs re-center the valve, leading
to the common identification, spring-
centered valve.

Detents are locks that hold a valve
in its last position after the actuating
force is removed — until a stronger
force is applied to shift the valve to
another position. The detents may
then hold this new position after the
actuating force again is removed.

Mechanical operation is probably
the most positive way to control in-
dustrial fluid power equipment. If a
valve must shift only when a machine
element is in a certain position, the
equipment can be designed so that the
machine element physically shifts the
valve through a mechanical operator
when the element reaches the correct
position. This arrangement virtually
eliminates any possibility of false or
phantom signals from shifting the
valve at the wrong time.

However, mounting mechanically
operated valves on a machine requires
some special cautions. The valve and
actuator may be exposed to a wet or
dirty environment that requires special
sealing. The actuator will probably be
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Fig. 6. Subbase-mounted valves simplify
mounting and replacement of valves be-
cause they can be removed and replaced
without disturbing system plumbing.

Solenoids

Subbase

Fig. 5. This cutaway view of a multiple-spool stack valve shows main directional spools,
internal flow passages, and auxiliary valves. 

Spools



subjected to impact loads, which must
be limited to avoid physical damage.
Valve alignment with the operating el-
ement also is important, so the valve
must be mounted accurately and se-
curely for long service life.

Pilot-actuated valves are shifted by
pressurized fluid (air or oil) that applies
force to a piston that shifts the valve’s
flow-directing elements. An important
advantage of pilot operation is that
large shifting forces can be developed
without the impact and wear that af-
fects mechanically actuated valves. Pi-
lot-operated valves can be mounted in
any convenient or remote location to
which pressure fluid can be piped. The
absence of sparks and heat buildup
makes pilot-actuated valves attractive
for applications in flammable or explo-
sive environments.

Electrical or electronic valve oper-
ation involves energizing a solenoid.

The force generated at the solenoid
plunger then shifts the valve’s flow-
directing element. Solenoid-actuated
valves are particularly popular for in-
dustrial  machines because of the
ready availability of electric power in
industrial plants. However, mobile
equipment makes extensive use of
solenoid-operated valves as well. The

selection of AC or DC solenoids de-
pends on the form of electrical power
available. At one time DC solenoids
offered longer service life, but im-
provements in AC solenoid designs
have eliminated that advantage.

There is a practical limit to the
force that solenoids can generate.
This means they cannot directly shift
valves requiring high shifting forces.
Furthermore,  valves using large
solenoids also consume substantial
electrical power when valves must re-
main actuated for long intervals. Heat
buildup can also pose problems in
these situations. The solution is to use
small, low-power solenoids in combi-
nation with pi lot  pressure.  The
solenoid starts and stops pilot flow,
and pilot pressure provides the high
force to shift the valve’s flow-direct-
ing mechanism. 

Many valves have combinations of
these operators so that the valve can
be shifted in response to more than
one type of signal. For instance, the
solenoid of a 4/3 valve can shift the
valve spool in one direction, and a
spring would shift it back to the neu-
tral position when the electric signal
ceases. Because many valves use
more than one type of operator, it is
important to determine the role of
each. For example, a pilot-solenoid
valve may require pilot flow and
electrical power to operate. Or it may
use either one: solenoid power if an
electrical source is available, or pilot
operation is the environment must be
explosion proof.
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Fig. 8. Smart pneu-
matic manifold pro-
vides centralized
elect ropneumatic
control. The self-
contained package
includes modular
valves, PLC, and
connectors for De-
viceNet or propri-
etary fieldbus proto-
cols. 

Fig.7. Hydraulic integrated circuits have become popular for both industrial and mobile
hydraulic systems because they simplify installation and maintenance, reduce leakage,
and can drastically reduce the amount of hose and tubing otherwise needed for inline-
mounted valves. They can incorporate screw-in and slip-in cartridge valves, subbase-
mounted valves, and other components in a centralized location.
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